Protein secretion and growth were investigated in Phanerochaete chrysospovitlm by using cultures sandwiched between perforated polycarbonate membranes. Labelling of colonies with radioactive N-acetylglucosamine and Lmethionine indicated a close correlation between growth and general protein secretion, even in a central area of the colony secreting the idiophase enzymes lignin peroxidase (Lip) and manganese-dependent lignin peroxidase (MnP). Comparison of the sites of release into the medium of newly synthesized proteins and immuno-detected lignin peroxidases suggested that diffusion of the enzymes from the walls was a limiting step in the release of peroxidases into the medium. Microautoradiography of colonies exposed to N-a~etyl [~H]glucosamine revealed the apical growth of thin hyphae and branches (4 to 5 pm diameter on average) in the central secreting area. These secondary hyphae showed peroxidase activity and reacted with lignin peroxidase antibodies. Although it was not possible to directly visualize secretion at hyphal tips, the results suggest that peroxidases (Lip and MnP) are initially secreted at the apex of secondary growing hyphae and later slowly released into the surrounding medium.
Introduction
In liquid cultures of Phanerochaete chrysosporium, ligninolytic activity appears during the stationary phase after starvation for a nitrogen source Keyser et al., 1978) or, to a lesser extent, for a carbohydrate or sulphur source (Jeffries et al., 1981; Faison & Kirk, 1985) . Ligninolytic activity was found associated with multiple haemproteins with peroxidase activity (Tien & Kirk, 1983; , i.e. lignin peroxidase isoenzymes (Lips) (Kirk et al., 1986 ; Leisola et al., 1987) and manganese-dependent lignin peroxidase isoenzymes (MnPs) (Kuwahara et af., 1984; Glenn & Gold, 1985; Leisola et al., 1987) . Ligninolytic activity does not seem to be induced by the substrate (Keyser et al., 1978) , although there are contradictory reports on this (Ulmer et al., 1984; Faison & Kirk, 1985) . In liquid cultures the major peroxidases excreted by P. chryso-*Author for correspondence. Tel. 91 41 62 85; fax 91 41 67 07
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sporium were found to be Lip isoenzymes H, and H, (Kirk et al., 1986) , but Bonnarme & Jeffries (1990) showed that in the presence of a high manganese concentration the majority of excreted peroxidases are MnP isoenzymes. Similarly, Datta et al. (1991) found that in semi-solid-state cultures on aspen wood pulp, which contains a high concentration of Mn(II), the major peroxidase formed by P. chrysosporium was an isoenzyme of MnP. Little is known about the regulation of the peroxidases (Lip and MnP) at the molecular level (Broda et al., 1989) .
With respect to secretion, the cDNA sequences identified for lignin peroxidase Lip (Tien & Tu, 1987; De Boer et al., 1987; Holzbaur et al., 1989; Ritch et al., 1991) or MnP (Pribnow et al., 1989; Pease et al., 1989) of P. chrysosporium predict the synthesis of preproteins with hydrophobic signal peptides. In addition, a LIP isoenzyme has been shown to be synthesized as a preproprotein (Ritch et al., 1991) . Enhanced secretion of peroxidases was observed by adding phospholipids to the medium and was correlated with proliferation of endoplasmic reticulum and mitochondria as shown by the activities of marker enzymes (Capdevila et al., 1990) . Enhancement of the secretion of peroxidases and proliferation of endoplasmic reticulum was also observed after addition of inositol . Electron microscopic analyses of P. chrysosporium inoculated on wood have variously suggested the location of peroxidase enzymes (Lip or MnP) in the hyphal wall or slime layer (Daniel et al., 1989 (Daniel et al., , 1990 Rue1 & Joseleau, 1991) , in the periplasmic space (Forney et al., 1982; Srebotnic et al., 1988; Daniel et al., 1989 Daniel et al., , 1990 or in association with the plasma membrane and with membranes or lumina of cytoplasmic vesicles (Garcia et al., 1987; Srebotnic et al., 1988; Daniel et al., 1989 Daniel et al., , 1990 . However, these studies, employing wood as a substrate, did not permit a satisfactory spatial and temporal overview of peroxidase secretion with respect to the whole mycelium. Also, they did not allow for a distinction between primary and secondary (idiophasic) growth as occurring in artificial media. We therefore attempted to localize both the secretion of peroxidases and the occurrence of hyphal growth in P. chrysosporium colonies using a cultivation method previously shown to be successful in localizing glucoamylase secretion in Aspergillus niger (Wosten et al., 1991) . Our results suggest that peroxidases which are secreted in the centre of the colony after radial growth ceased are nevertheless secreted by growing hyphal branches and that there is a delay between the synthesis of these enzymes and their release into the medium.
Methods
Organism and culture media. Phanerochaete chrysosporium strain BKM-F-1767 (ATCC 24725) was used throughout. Cultures were grown on a medium derived from Capdevila et al. (1990) with the following changes : the medium was solidified with 15 g agar 1-', lipids and yeast extract were omitted but l o g glucosel-' was added as a carbon source and 10 mM-sodium acetate pH 4.5 as a buffer. For highnitrogen minimal medium (HN) 1.8 g L-asparagine 1-' (24 mM-N) and for low-nitrogen minimal medium (LN) 0.18 g L-asparagine 1-' (2.4 mM-N) was added.
Sandwiched cultures.
A 2 mm diameter disc of mycelium from the edge of a 3-d-old colony was used to inoculate a thin (0.3 mm) layer of 1.25 YO (w/v) agarose sandwiched between two perforated polycarbonate membranes (7.6 cm diameter, standard pore size 0.08 Fm, Poretics Corporation, Livermore, USA). The sandwich was placed centrally on 20 ml minimal agar medium in a 9 cm Petri dish (for details see Wosten et al., 1991) . This cultivation method allowed for rapid radiolabelling of proteins and hyphal walls, free diffusion of nutrients and secreted proteins, transfer of the colony without loss of hyphal orientation, and microscopic analysis of the nearly two-dimensional colony. In all cases the plates were incubated at 30 "C in watersaturated air. Each experiment was done in triplicate and repeated at least twice. Standard deviations did not exceed 5 YO of the mean values.
Localization of secreted proteins at the level of the colony. For detection of secreted protein, a polyvinylidene difluoride (PVDF) membrane (Immobilon-P, Millipore, wetted with methanol and water according to the protocol of the manufacturer) was temporarily positioned between the bottom polycarbonate membrane and the agar medium. The PVDF membrane was then removed and cut into sectors as required. The membrane sectors were used for detection of secreted proteins by immunological or enzymic activity tests or by autoradiography after radioactive labelling.
Immunological detection of lignin peroxidases on PVDF membranes.
Lignin peroxidases were detected on PVDF membranes using a rabbit antiserum raised against lignin peroxidase isoenzyme 9, PI 4.8 (Odier & Delattre, 1990) . Preimmune serum was obtained from the same rabbit before immunization. After SDS-PAGE of denatured proteins from a mycelium secreting peroxidase and Western blotting, the 1 /50 000 diluted immune serum only reacted with bands around 42 and 46 kDa, corresponding to the molecular masses of the peroxidase (LIP and MnP). However, in the range of the working serum dilution (1/1000 to 1/3000), the immune serum also cross-reacted with some other LIP isoenzymes as well as with MnP isoenzymes. Consequently, the antibodies raised against lignin peroxidase isoenzyme 9 could be used to detect peroxidase in general (Lip and MnP). All incubations were done at room temperature. The PVDF membrane was rewetted (see above) if necessary and equilibrated with phosphate-buffered saline, pH 7.2 (PBS). Blocking was done for 2 h with PBS containing 0.02% sodium azide, 5 YO (w/v) skimmed milk (Oxoid) and 1 O h (w/v) polyvinyl pyrrolidone (PVP, M , 40 000, Sigma), the latter preventing non-specific adsorption of anti-lignin peroxidase 9 antibodies to aromatic compounds (e.g. fungal pigments and Poly B-411 used for detection of lignin peroxidase activity). After removing excess blocking solution, the PVDF membranes were incubated with anti-lignin peroxidase serum, diluted 1/3000 with 1 / 10-strength blocking solution in PBS, for 1 h. The membranes were washed twice with PBS for 5 min and additionally for 5 min with l/lO-diluted blocking solution. Primary antibodies were detected by incubating for 1 h with alkalinephosphatase-conjugated goat anti-rabbit antibodies (Boehringer Mannheim), diluted 1/6000 in 1/ 10-strength blocking solution. The membranes were then washed three times for 5min with PBS and colour developed by using the substrates nitroblue tetrazolium and BCIP (Boehringer Mannheim).
Localization of secreted peroxidase activity. To monitor the appearance of peroxidase activity in the medium, 0-02 % (w/v) Poly B-411 dye (Sigma) was added to the agar medium . When Poly B-411 was not included in the medium, peroxidase activity was detected by incubating PVDF membranes or agar medium for 20 min with 10 ml 0.05% (w/v) benzidine, 0.1 % (w/v) sodium nitroferricyanide (Mesulam, 1982) in 0.1 M-sodium acetate buffer pH 3.5, in the presence of 0.54 m~-H,o,. In control experiments H202 was omitted. The reaction was terminated after 20min by adding EDTA to a final concentration of 0.1 M.
Localization of general protein synthesis and secretion at the colony level.
A piece of rice paper matching the diameter of the colony and soaked in a solution (3 ~l c r n -~) containing 65 kBq pl-* of L-[35S]methionine (sp. act. 37 x lo', Bq mmol-', Amersham) was placed on the top polycarbonate membrane. After 30 rnin incubation, a PVDF membrane was placed between the bottom polycarbonate membrane of the sandwiched colony and the agar medium. After 1 h the colony was fixed with freshly prepared 4 O h (w/v) paraformaldehyde for 15 min and the polycarbonate membranes were removed. The agarose slab, containing the fixed colony, and the PVDF membrane, holding secreted proteins, were washed three times for 1 h with a solution containing 5 mM non-radioactive L-methionine. The agarose slab with the colony was dried overnight on filter paper and both the dried colony and the dried PVDF membrane were subjected to autoradiography. Subsequently, PVDF membranes could be rewetted and used for immunodetection of peroxidase (see above).
Localization of peroxidases at the hyphal level. Peroxidase activity was detected by treating unfixed colonies in agarose slabs directly with benzidine and H,O, as described above for PVDF membranes. For immunolocalization of peroxidases, the colony was fixed in 4 % (w/v) paraformaldehyde for 20 min. The polycarbonate membranes were removed and the agarose slab with the colony washed four times within 1 h with PBS. Sectors were incubated for 4 h in blocking buffer (see above) and then overnight at 4 "C with sera diluted 1/1600 in blocking buffer but with 0.5 M-NaCI instead of 0-15 M-NaC1 to prevent nonspecific binding to cell walls. The agarose slabs were washed four times with PBS and twice with l/l0-strength blocking buffer containing 0.5 M-NaCl. Detection of the primary antibodies was done by incubating for 2 h with gold-conjugated goat anti-rabbit antibodies (5 nm gold particles) in blocking buffer (with a final concentration of 0.5 M-NaCl). After washing the slabs twice with PBS for 15 min and four times with double-distilled water for 15 min, silver enhancement of the gold particles was done for 1 min according to the protocol supplied by the manufacturer of the reagent (Zymed Laboratories). Under these conditions self-nucleation of silver was not observed. As controls we used preimmune serum on colonies secreting lignin peroxidase and immune serum on colonies not secreting lignin peroxidase, i.e. young colonies grown on LN medium and 4-d-old colonies grown on HN medium.
Localization of growth.
Growing apices were labelled for 10 min by placing on top of the sandwiched colony a rice paper soaked in a solution (3 pl cm-2) containing 3 kBq p1-' of N-acetyl-~-[ l-'4C]glucosamine (sp. act. 2.2 x lo9 Bq mmol-', Amersham) or 6-6 kBq pl-i of N-acetyl-~-[1,6-~H]glucosamine (sp. act. 1.22 x 10l2 Bq mmol-I, Amersham). After labelling, the colonies were fixed in 4 % (w/v) paraformaldehyde for 15 min and washed three times for 1 h with a solution containing 0.44 mM non-labelled N-acetyl-D-glucosamine. For macroautoradiography, 14C-labelled colonies in agarose slabs were dried overnight on a filter paper. For microautoradiography, pieces of 3H-labelled colonies were dried on glass slides coated with chromealum-gelatin.
Autoradiography. Macroautoradiography of 14C-or 35S-labelled colonies and PVDF membranes was done by using X-OMAT AR films (Eastman Kodak); colonies were exposed for 20 min, membranes for 16 h. Microautoradiography of 3H-labelled colonies was done by dipping glass slides mechanically (Rogers, 1969) in L4 emulsion (Ilford). After drying for 20 min in complete darkness, exposure was done in light-tight boxes containing silica gel for 3 d at 4 "C. X-OMAT and L4 film were developed in Kodak D19 developer.
Results and Discussion
Phanerochaete chrysosporiurn was grown in sandwiched cultures on high and low nitrogen minimal media (HN and LN media) either containing or not containing 0.02% Poly B-411. Radial growth of the sandwiched colonies was similar to that of colonies directly inoculated on agar medium (Fig. 1) . However, in the sandwiched colonies the upper polycarbonate filter (7.6 cm diameter) prevented formation of aerial hyphae. On LN medium the discoloration of Poly B-411 appeared in a homogeneous area in the centre of the colony between the third and the fourth day of growth, when the front of the colony had reached the edge of the Petri dish (confluence). This was seen on an underlying PVDF membrane, which adsorbed Poly B-411 from the agar medium (Fig. 2c, arrow) . Colonies grown directly on agar medium showed a patchier discoloration of Poly B-411 in the central area. For colonies grown on HN, discoloration was faint and only visible between the seventh and the eighth day of growth (data not shown).
To correlate Poly B-411 discoloration with the presence of secreted peroxidases (Lip and/or MnP), a PVDF membrane was positioned under the bottom polycarbonate membrane at the time of inoculation. Immunodetection revealed the presence of lignin peroxidases on the PVDF membrane after 4 d growth, in the central area (Fig. 2d) , i.e. roughly in the area where poly B-411 discoloration took place (Fig. 2c, d, arrows) . No reaction was obtained with preimmune serum (Fig. 2c) or with a 3-d-old colony not yet discolouring Poly B-411 (Fig. 2 b) . The Poly B-411 discoloration front was always 2 to 4 mm ahead of the maximum immunodetected lignin peroxidases (Fig. 2d) . This might indicate the presence of a more rapidly diffusing intermediate compound discolouring Poly B-4 1 1.
To correlate the immunodetected peroxidase with enzyme activity, the benzidine test was used. In this case Poly B-411 was not included in the medium. Similar secretion patterns were observed on PVDF sectors with both tests (Fig. 3f, g) . No reaction was observed with the preimmune serum (Fig. 3d, h) or with the benzidine test in absence of H20, (Fig. 3a, e) . However, in a few cases we noticed a faint benzidine reaction in the absence of H20,, which might indicate the presence of phenol oxidases or traces of secreted H202 or MnP. No reactions were observed with PVDF underlying young colonies (Fig. 3b, c) . , 411 was not essential to induce a detectable amount of secreted peroxidases. Moreover, the presence of the dye had no influence on the pattern of secretion of peroxidases.
Hyphal growth in colonies was monitored by autoradiography after incorporation of labelled N-acetylglucosamine into chitin. In 2-and 3-d-old colonies grown on LN medium, not yet producing peroxidase or discolouring Poly B-4 1 1, labelled N-acetylglucosamine was essentially incorporated at the advancing front of the colonies only (Fig. 4a, b) . In contrast, with colonies discolouring Poly B-411 (i.e. 4-or 5-d-old colonies), two zones incorporating N-acetyl[ 14C]glucosamine could be distinguished in the central area (Fig. 4 c) . First, a narrow heavily labelled zone, coinciding with the outer limit of Poly B-411 discoloration (Fig. 4c, arrows) . In this area, microautoradiography showed apical labelling of thin hyphae (see Fig. 6a , thin arrows). These secondary hyphae were 4 to 5 pm in diameter on average, compared to the diameter of 7 to 8 pm of non-labelled hyphae also seen in that zone (see Fig. 6a , thick arrows). Second, an inner zone (Fig. 4c ) which was less labelled; microautoradiography of this area showed some apical labelling of poorly branched secondary hyphae (see Figs  6 c and 7d) .
Sandwiched colonies were exposed to ~-[~~S]methionine and then transferred to a new PVDF membrane (see Methods). Macroautoradiography of 2-d-old colonies revealed that most of the colony, including the central area, was active in protein synthesis (Fig. 5a) . In 3-d-old colonies the colony margin was more distinctly labelled (Fig. 5e) . However, autoradiograms of the PVDF membranes from 2-or 3-d-old colonies showed secretion of newly labelled protein mainly at the periphery of the colonies (Fig. 5 b , f ) . In 2-to 3-d-old colonies no secreted peroxidases were detected (Fig. 5 c, g ) . Autoradiograms of 4-d-old confluent colonies and PVDF membranes showed both protein synthesis and secretion occurring predominantly in the central area (Fig. 5i, j) . However, newly labelled proteins were mainly secreted at the periphery of the labelled central area as detected in the colony. With 4-d-old colonies, the immunodetection on the PVDF membrane showed that most of the secreted peroxidase was more central (i.e. the inner zone of Fig.  5 j , k , which parallels the inner zone of Fig. 4c) than the ring of newly synthesized proteins (i.e. the peripheral zone of Fig. 5j , k , which is congruent with the heavily labelled zone of Fig. 4c ): compare Figs 5 ( j ) and 5(k). Apparently, most of the secreted peroxidases had been synthesized before the label was added and was slowly released into the medium after the colony was transferred onto the new PVDF membrane.
The occurrence of growth (incorporation of Na~etyl[~H]glucosamine) and the presence of peroxidases were studied at the microscopic level. Neither 2-to 3-d-old colonies grown on LN-medium nor 4-d-old colonies grown on HN medium revealed peroxidases associated with hyphae.
In 4-d-old colonies grown on LN medium, peroxidases were confined to the central area. In this area, the benzidine test showed two zones of secretion congruent with the two zones already described for the incorporation of N-acetyl['4C]glucosamine (Fig. 4 c) . In the peripheral zone, corresponding to the narrow heavily labelled zone with N-a~etyl[~~C]glucosamine (Fig. 4 c) , the benzidine precipitate (Fig. 6 d) and N-a~etyl[~H]glucosamine (Fig. 6 a ) were mainly found associated with apices of secondary hyphal branches. In the inner zone, corresponding to the less labelled inner zone with N-acetyl['4C]glucosamine of Fig. 4 (c) , the benzidine precipitate was mainly formed in the medium ( Fig. 6f ; dark background), matching the pattern of secreted peroxidase on PVDF membranes (Fig. 5k) . In this zone, the benzidine precipitate was also found associated with secondary hyphae (Fig. 6 f ; arrows) with N-a~etyl[~H]-glucosamine-labelled apices (Fig. 6 c, thin arrows) . The transition between the two zones is represented in Fig. 6(e) for the benzidine staining and in Fig. 6 ( b ) for N-acetyl[3H]glucosamine incorporation. It was not possible to obtain such pictures using the immunodetection procedure, possibly because of its lower sensitivity. Indeed, enzymes secreted into the medium rapidly diffused from the agarose slab (Fig. 5k) . For the same reason it might be that the enzymes were loosely fixed in the agarose and were washed out during the immunodetection procedure.
At higher magnification, the benzidine reaction product in the peripheral zone was mainly found associated with the apices of hyphal branches (Fig. 7b) , where the label seemed to be formed at the cell surface (Fig. 7b,  arrows) . Immunogold labelling revealed the presence of peroxidases in the same location (Figs 7c, 8a and 8b) while N-acetyl[3H]gluc~samine incorporation demonstrated the growth of these branches (Fig. 7a) . This suggests that peroxidases are primarily secreted on to the cell surface of the secondary hyphal branches (4 to 5 pm diameter on average) located in the advancing front of the central area. In the inner zone, where peroxidases were released (Fig. 5 k ) and where benzidine precipitate was mainly formed in the medium surrounding the hyphae (Fig. 6f) , peroxidases were associated with long, poorly branched secondary hyphae (Fig. 7e) . It was difficult to localize the benzidine staining precisely, i.e. intra-or extracellularly (Fig. 7 e , arrows) . However, a similar localization was observed with the anti-ligninperoxidase serum (Fig. 7f) , indicating that the peroxidase was located at the outside of the hyphae. Many of the secondary hyphae in this zone containing peroxidase (LIP and MnP) were incorporating Nacetyl[3H]glucosamine at their tips (Fig. 7 d ) .
Clearly, peroxidases are produced during invasive growth of fungi in wood and aid in the degradation of lignocellulose (Daniel et al., 1989 (Daniel et al., , 1990 Blanchette et al., 1989) . A comparison between natural growth in wood and growth on rich artificial media is difficult. In the wood, the fungus probably grows under substrate limitation, and distinction, in space and time, between primary and secondary growth is difficult to make. On artificial media as used in laboratory studies, peroxidases are only formed after the primary growth phase is over and the fungus enters a state of starvation for nutrients (Faison & Kirk, 1985) . However, it appears that on such artificial media lignin peroxidases are also produced during the exponential growth phase if glycerol instead of glucose is used as a carbon source (Asther et al., 1988; Roch et al., 1989) . In addition, Orth et al. (1991) have described a mutant of P. chrysosporiurn that secretes peroxidase during exponential growth on glucose medium.
In the present work we have investigated the time and location of peroxidase secretion in colonies of P. chrysosporiurn, using the sandwich culture technique (Wosten et al., 1991) . The most significant observation was that the synthesis of peroxidases can be found closely associated with apical regions of hyphae, even though secretion of the enzymes only occurs after the growth of the colony as a whole has come to a halt. The enzymes are synthesized and secreted in the centre of the colony by hyphae which resume growth by branching. Apparently, these hyphae grow by drawing upon metabolites produced during the primary growth phase. After radial growth of the colony has ceased, a front of branching hyphae moves from the centre of the colony outwards, correlated with the outward movement of the secretion zone. At the time when peroxidases are secreted into the medium the benzidine reaction and especially the immunogold labelling of lignin peroxidases (MnP and/or Lip) is found over a long distance of the hyphae where the labelling seems to be more patchy (Fig. 7f> . This suggests that enzymes are released from the hyphae into the surrounding medium and that this process is slow (see above, Fig. 5 ). In our experiments, the stage of maturity of the subapical cells of secondary hyphae was difficult to assess. Because of the label, i.e. benzidine precipitate or immunogold, no clear evidence for cell autolysis or cell wall hydrolysis of the secondary hyphae was obtained. However, the results of Lackner et al. (1991) indicate that lignin peroxidases are secreted by a cell autolytic process. Furthermore, they showed that immunoglobulin conjugated to 5 nm colloidal gold particles was able to label the lignin peroxidase-primary antibody complex intracellularly, suggesting the presence of large pores in the subapical walls allowing the passage of secreted enzymes.
Rue1 & Joselau (1991) found that peroxidases were secreted at the cell surface. They showed that hyphae of P. chrysosporiurn growing in wood were encapsulated by a glucan sheath (called mucilage) that accumulated principally at the hyphal apex. This glucan sheath appeared to be closely associated with hyphal cell wall surface. The lignin peroxidases were found in the glucan sheath; and in uitro, peroxidases extracted from extracellular fluid of fungal cultures had an affinity for this polymer. However, the sheath could be present around hyphae in which peroxidases remained intracellular or wall bound. Rue1 & Joselau (1991) concluded that the fungal cell wall must be sufficiently modified to allow the enzymes to be secreted. They also noted that the glucan sheath was hydrolysed during wood attack, demonstrating its active role in providing the H202 for peroxidase as well as providing a mode of transport of the fungal enzymes to their substrate at the surface of the wood cell wall.
In the present experiments, in the peripheral zone of the secreting zone we were unable to directly visualize, at the microscopic level ( Figs 6 d and 7 b) , the secretion of the peroxidases from the apex into the medium. In the latter case, as previously mentioned, peroxidases were presumably associated with the cell surface at the apex (Figs 7b and 8a) and subapically (Fig. 7b, c) . The porosity of the cell wall was difficult to assess judging only from the aspect of the labelling. Therefore, in addition to the hypothesis that enzymes are synthesized and immediately secreted through pores in the subapical part of the hyphae, and taking into account that peroxidases might be associated with the cell surface, we cannot exclude the possibility that certain peroxidases (of the MnP or/and Lips isoenzymes group) remained trapped transiently at the cell surface over a certain distance after being secreted at the apex of the growing hyphae. Indeed, there is cytological evidence that the secretory apparatus of filamentous fungi is located at the growing apex of hyphae (Grove, 1978) . Usually, it is admitted that the sizes of pores in the mature subapical wall are too small to allow for passage of most excreted proteins (Trevithick & Metzenberg, 1966 ; Money, 1990) , and consequently the wall over the growing apex has been indicated as a major site for passage of proteins. One hypothesis proposed by Chang & Trevithick (1974) is that the nascent wall at this site contains large pores. An alternative is offered by the 'bulk-flow' hypothesis (Wessels, 1990) , which assumes that proteins excreted at the very tip are pushed through the wall to the outside of the wall by accretion of plastic wall polymers during apical wall growth. In either case protein excretion and apical wall growth should be tightly coupled. Such a coupling was previously found for excretion of glucoamylase in Aspergillus niger (Wosten et al., 1991) . 
